Hanoi, the capital of Vietnam, is facing rapid modernization, leading to the improper management of waste and wastewater. The purpose of this study was to evaluate the impacts of waste and wastewater management on water environment, in terms of nitrogen and phosphorus flows. Trai hamlet, located in the south part of Hanoi, was selected as a research community. A waste and wastewater stream survey was implemented by a door-to-door interview for 100 households. A material flow model of nitrogen and phosphorus was developed with focus on sub-urban waste and wastewater management. Then, the model was applied for the study area. The results showed that the component receiving the largest amount of nutrients was paddy field, 435.1 kg-N/ha/year and 89.8 kg-P/ha/year, in which 40% of N and 65% of P were derived from chemical fertilizer. Although waste and wastewater recycling is widely implemented, the management of pig liquid waste is a serious problem in this area since 100% of them were discharged directly to the water bodies. The total nutrient loads to the water bodies in 2010 was 187.3 kg-N/ha/year and 13.4 kg-P/ha/year, of which paddy field accounted for 70% of nitrogen and fish pond did for 60% of phosphorus.
INTRODUCTION
In Hanoi, the capital of Vietnam, the administrative boundary was expanded in 2008. This expansion added fifteen sub-urban districts, tripling its size (3.3 thousand km 2 ) and doubling its population (6.5 million) 1) . In the sub-urban context of Hanoi, residential areas are surrounded by aquaculture and intensively used agricultural land. There is a close link between environmental sanitation systems and agricultural activities, i.e. rice production, husbandry, and fish farming in those areas. The use of human and livestock excreta for agriculture or fishery is a popular practice. However, in recent years those areas have witnessed significant changes, especially rapid modernization. It increases the amount of waste and wastewater discharged to the environment without any proper treatment, collapsing in use of local resources, e.g. the use of human and/or livestock excreta in agriculture. Therefore, pollution in rivers, lakes, and/or ponds is a growing concern in the city coupled with the loss of valuable nutrients. Nhue River, one of the main rivers in Hanoi, has been reported to be polluted at an alarming level. The main pollutants to the river are organic substances, nutrients, suspended solids, black color, offensive odor, and pathogens; all of them have exceeded the Vietnamese Standard many times 2) .
Since the serious consequences of improper management of wastes and nutrients to the environment, several researches have addressed the wastes and nutrients management recently.
Material flow analysis (MFA), which is a systematic assessment tool of the flows and stocks of materials within a system defined in a space and time 3) , was applied to waste and nutrient management researches for Hanoi and/or surrounding areas. At a city level, Montangero 4) used MFA and evaluated the impacts of changes in Hanoi's environmental sanitation and agricultural practices on phosphorus recovery in peri-urban agriculture. Harada 5) constructed phosphorus flows for urban and sub-urban districts separately and compared them. At a smaller area scale, Montangero 6) estimated the nitrogen flows in Viet Tri city, and evaluated the impacts of selected measures of sanitation and nitrogen recovery, and Nga 7) illustrated interconnections between the environmental sanitation system and the agriculture system in term of nitrogen and phosphorus in a typical rural context of Hoang Tay and Nhat Tan communes, Ha Nam province. However, they applied MFA in large boundary levels, e.g. within a city or a district, which lacked specific data and quantitative information. Within a small administrative boundary, small nutrients-contributed processes of material flows which were ignored in the previous researches may be involved in the material flows so that local nutrient management manners are likely to be more precisely understood.
The purpose of this study was to develop a detailed material flow model in terms of nitrogen (N) and phosphorus (P) for a typical sub-urban context of Trai hamlet, Van Tu commune, Phu Xuyen district where urbanization process is happening rapidly and is affecting a traditional waste and nutrient management practice, resulting in environmental sanitation pollution. This study was also aimed at evaluating the impacts of nutrients management on the environment in this area.
MATERIALS AND METHODS (1) Study area
The study area is Trai hamlet, Van Tu commune, Phu Xuyen district, Hanoi, 40 km far from Hanoi's center 1) to the south. The hamlet is located on the bank of Nhue River and extends 1km along the river. The general information of this hamlet was shown in Table 1 .
The total population of this hamlet is 800 people, composed of 240 households. According to a socio-economic report of Van Tu commune in 2010 8) , the average monthly income for each family is about 2,000,000 -3,000,000 VND (98-147 US dollars).
Trai hamlet represents a typical land use pattern in sub-urban areas. Paddy field and fish ponds cover more than 90% of the whole area. Farming is a major occupation and fishing in fish ponds is an important activity for daily income. Local people have access to on-site sanitation facilities, for example pit latrines, flush toilets, and/or septic tanks. Like elsewhere in sub-urban areas of Hanoi, local people use human and livestock excreta for agriculture or discharge into fish ponds and/or open canals, then end up to Nhue river together with untreated grey-water. Despite pollution and eutrophication, the river is still a main irrigation source for paddy field in this area.
(2) Questionnaire survey
Door-to-door interviews with questionnaires were implemented in Trai hamlet. The minimum required sampling size was calculated by Yamane's formula 9) : n = N / (1 + Ne 2 ) Where n: size of sampling N: size of household (240) e: the accept of probability of error equal to 90% or 0.1 Thus n is equal to 71. In this study, 100 interviews were conducted for 100 households.
Trai hamlet has been divided into three zones, i.e. 
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upstream zone (upper 300m of Nhue river), middle zone (400m of Nhue river), and downstream zone (lower 300m of Nhue river). 60% of population concentrated in middle stream, while 25% and 15% lived in upstream and downstream, respectively. Hence, 59 households in the middle zone, 24 households in the upstream zone, and 16 households in the downstream zone were selected for the interview.
The interview was conducted through October to November, 2010 with 31 households and through May to June, 2011 with 69 households. Following the street from upstream to downstream, the interviewer visited households accidentally with the help of the hamlet's leader.
The questionnaire sheet was firstly prepared after field observation and then was modified after interviewing five reference households. The main contents of interview were shown in Table 2 .
(3) Waste composition data collection a) Secondary data collection
Material flow calculation requires composition data of relevant goods. In Vietnam, these composition data were limited since no direct research activity has been reported in this field of study. Therefore, the secondary information from other countries is necessary.
b) Livestock waste composition survey
Since previous studies 4)5)11) showed a wide range of generation and composition data of livestock wastes, a composition survey was conducted for them in this research. Livestock feces were sampled from 23 pigs, 24 poultries, and three cattle. Urine samples were taken from 10 pigs and three cattle. Total nitrogen (T-N) and total phosphorus (T-P) in feces samples were analyzed using the Kjeldahl method and molybdenum blue method after digestion by HNO 3 and H 2 SO 4 . Water contents were also analyzed. These analyses were based on the Standard Method 12) . For urine samples, T-N and T-P were analyzed using Hach DR 2800 and DRB 200 (Hach Ltd).
(4) Material flow model development
A mass flow model for N and P was developed, and applied for Trai hamlet. The model was based on Harada 5) and Giang 10) with some modification.
a) System boundary and main processes
Main components, processes and the system boundary of the material flows are illustrated in Fig.1 . Differently from Harada 5) , in which fish pond was out of the boundary, the system was composed of five main components, which are represented by boxes: household (hh), livestock (ls), fish pond (fi), paddy field (pf), and market (ma). Water bodies (wb)
including Nhue River, non-fish ponds, and drainage systems, soil/ground water (s/g), and atmosphere (at) were out of the boundary. The arrows represent for the flows of relevant goods such as human excreta, livestock excreta, fish product, and chemical fertilizer transferred from one component to other components.
Another difference of this paper from Harada's 5) and Giang's 10) was the separation of water bodies and soil/ground water processes by using unit ratios of run-off for each nutrient.
b) Material flow equations and calculation
Basically, the development of material flows was based on Harada 5) . ∑ = ∑ (Eq.1) Most of flows can be calculated by unit value method: Table 3b .
For calculation of run off flows from paddy field to the water bodies, unit ratios of run off for each nutrients was used
RESULTS AND DISCUSSION
(1) Results of questionnaire survey a) Livestock disposal Livestock breeding was very popular in this hamlet (75% of households) and then livestock waste management was an important issue. Considering livestock manure used for agriculture and discharged into fish ponds as recycling manners ( Table 4) , although the recycling ratio of livestock solid waste was quite high, the ways to use them were unhygienic since 53% of households used pig solid waste for fishery by direct discharging them to fish ponds.
Moreover, 100% of pig liquid waste and wastewater for cleaning breeding facilities were discharged to water bodies, 53% to fish ponds, 31% directly and 16% indirectly through biogas systems to non-fish ponds or drainage systems. Fish ponds played a crucial role in receiving animal liquid wastes, likely causing surface water pollution in this area. Also, their living conditions seemed to be affected by the improper management of livestock waste since all of breeding facilities were located inside residents' premises. III_744 non-urine diversion dry chamber toilet, and urine-diversion dry chamber toilet (Fig.2) . Fifty-two percent of toilet waste was used for agriculture. This indicates that human excreta were a popular source of nutrients in this area. Meanwhile, 36% of toilet waste was discharged to water environment through septic tanks. Similarly to serious septage management in Hanoi 13) , according to the interview, all households had never desludged before.
c) Grey-water and kitchen waste disposal
No treatment facilities have been established for grey-water in this area, and even septic tanks did not receive grey-water. Additionally, there was no solid waste collection system in Trai hamlet. A small portion of kitchen waste was used ( Table 6) . Dumping into Nhue river bank is the main disposal way of the kitchen waste, likely contributing to water pollution.
(2) Secondary data and livestock waste composition data Table 7 and 8 showed the secondary data obtained from references and the primary results of livestock waste composition survey, respectively. These data together with data obtained from questionnaire survey were used to develop material flow model for N and P, which were mentioned in the next section.
As shown in Table 8 , livestock waste composition data in Vietnam tends to be lower than that in developed countries. However, our results were similar to the values found in other researches conducted in Vietnam 24)25) . The quality and quantity of food and drink could be one of the reasons for less nutrient excretion from livestock in Vietnam than in developed countries.
(3) N and P flows in Trai hamlet in 2010
Estimated N and P flows for Trai hamlet were shown in Fig.3a and 3b .
The biggest individual flows in this area belonged to paddy field component. In the case of N, they were flows of chemical fertilizers, agricultural run off to water bodies, irrigation, and agricultural production. In the case of P, flows of chemical fertilizer and soil accumulation and discharge were the largest ones. At the same time, paddy field received the largest flows of recycled nutrients. Specifically, paddy field received 50%, 35%, and 81% of total N contained in human excreta, livestock excreta, and agricultural residue, respectively, while 49%, 36%, and 73% in the case of P. It is indicated that paddy field was the key factor for controlling nutrient flows in this area.
Despite the popular recycling practices of human and livestock excreta, proper recycling manners have Table 7 Important unit data of material flows obtained from references III_745 not received much consideration. As shown in Fig.3a and 3b, 17.5 kg N/ha/year and 3.9 kg P/ha/year from livestock excreta were discharged to fish ponds for fishery, accounted for 45% and 42% to the total N and P fishery inputs, respectively. As a custom in northern Vietnam, fish ponds played an important role in receiving livestock wastes. According to Vu's survey 26) in northern Vietnam, the Vietnamese farmer were of the opinion that fish in ponds fertilized with pig manure grew significantly faster than did fish in ponds supplied with other feed; therefore, 20% of pig producers reported that they raised pigs just to provide manure to feed their fish ponds.
The contribution of nutrient sources to the total agricultural inputs was shown in Fig.4 . Forty percent of agricultural N input was derived from nitrogen chemical fertilizers, whereas 65% of agricultural P input was from phosphorus chemical fertilizer. The huge P input from chemical fertilizer was almost consistent with the study for sub-urban Hanoi (52%) 5) . The amount of applied N and P to agriculture depended on specific agricultural conditions, e.g. soil properties, type of crop, climate, etc. In the case of this area, low pH soil characteristic 8) might be a reason for more P input applied to agriculture than N input.
As can be seen in Fig.4 , the irrigation represented 29% of all N (124.7 kg N/ha/year) and 12% of all P (10.69 kg P/ha/year) sources in agriculture. Compared to other published researches, the 
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nutrients contribution of irrigation flows to the agricultural system is quite high. Mishima 27) estimated the N content in Japanese irrigation water was 15 kg N/ha/year, contributed 7% of total N to agricultural input. Such differences could be explained by the irrigation water quality in the study site. In Trai hamlet, Nhue River is the main source of irrigation water but is highly contaminated: T-N 7.7 mg/L and T-P 0.66 mg/L in harvesting seasons 28) . Thus, although organic wastes are intensively used, chemical fertilizers play an important role for nutrients input in this hamlet. In fact, chemical fertilizer consumption, e.g in the case of N, is higher than the optimum amount (100-140 kg N/ha/year) mentioned by Huan 29) . Chen 30) reported that over-application of chemical fertilizer can result in reduction in soil fertility. Additionally, high nutrients-contained and polluted water uses for irrigation will affect product quality negatively. In contrast, using compost helps to enhance soil biological activity and to keep plants healthy since the nutrient supply is more balanced. Hence, chemical fertilizer consumption should be decreased for the improvement of soil fertility. On the other hand, for a better quality of agricultural products, using compost from nutrient resources locally oriented such as human and livestock excreta should be increased by changing the livestock waste output from fish ponds to paddy field. This approach also may contribute to the improvement of fish pond water quality by stopping the direct discharge of animal waste to fish ponds.
(4) N and P loads to the environment
Estimated amounts of nitrogen and phosphorus to the environment were shown in Fig.5 . Nutrient loads to the water bodies and soil/ground water were huge but the combination of sources was different between N and P. While total N loads to the water bodies were three times greater than to the soil/ground water, total P loads to the soil/ground water were four times higher than to the water bodies. In addition, agricultural activities were found as the largest contributor of N loads to the water bodies (70% of total N loads), whereas fishery activities were as that of P loads (60%). This is because the high run off ability of N to surface water and the high fraction of P accumulation in soil 31) . In this study, the run off ratio of N was 0.3 21) while that of P was much smaller, 0.01 for rice and 0.02 for other crop production 22)23) .
These results indicated that over supply of N for agriculture, especially from chemical fertilizer, leaded to the great nitrogen burden to water environment through run off. In contrast, excess input to fishery, most of which was a result from animal excreta discharge, causes the large P burden to the water bodies. In other words, N loads to the environment remain mostly in water bodies, whereas P loads is mainly accumulated in soil/groundwater.
CONCLUSION
By estimating the N and P flows focusing on domestic wastes and chemical fertilizer, this study exhibited the overall nutrient flows in the whole area of a sub-urban community in Hanoi. The agriculture was a key factor for controlling nutrient flows in this area. The component which received the most N was paddy field, resulting in the great N burden to water environment through run off. Meanwhile, P was mainly accumulated in soil/ground water. The nutrients from livestock excreta were intensively discharged to fish ponds, resulting in the large P burden to the water bodies. Indeed, reducing chemical fertilizer consumption together with enhancing waste recycling ratio could be potential mitigation options for reducing pollution loads to fish ponds and also partly to the environment.
Proper measure to reduce chemical fertilizer consumption and to manage human excreta in combination with livestock excreta in a sanitary manner is required to improve environmental 
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sanitation and to achieve environmentally-friendly nutrients management. It can be suggested that one of the potential ways to use more nutrient resources locally oriented is to change the animal wastes output to fish ponds so that the most nutrients discharged to fish ponds is used for agriculture. It may not only enhance agricultural production but also partly improve water quality in this area. 
